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Deexcitation properties of low-spin levels in 105Pd populated in the decay of 105Agm and 105Ag g are
investigated. The calculation for 105Pd is performed in the interacting boson-fermion model ~IBFM!, using a
nearly spherical boson core corresponding to 104Pd. As a result, we obtain an approximate quasiweak-coupling
pattern, which is in contrast to previously assumed symmetric rotor model calculations. Rather good agreement
between theory and experiment was obtained. The extension of the IBFM calculations to lighter N559
isotones is consistent with the recent discovery of coexisting structures and dual double-subshell closure in
respective even-even core nuclei. @S0556-2813~96!02511-3#
PACS number~s!: 21.60.Fw, 23.40.2s, 23.20.Lv, 27.60.1jI. INTRODUCTION
The interacting boson model for even-even nuclei has
been shown to be able to account for the structure of nuclei
as they change from vibrational to rotational character and
thus provide the capability of describing a wide variety of
transitional nuclei. The extension of this model to odd-mass
nuclei provides the means to account for structures of an
even wider range of nuclei. The odd-mass isotones with
N559 serve as a good test of the odd-mass boson-fermion
model. In this series of isotones the 59th neutron observes a
rapidly changing N558 core which goes from proton shell
closure at Z550 to six proton pairs less at 96Sr which has
been shown to possess shape coexistence. There are dramatic
changes in the pattern of low-energy levels of the N559
isotones. Of particular note is the abrupt change in the struc-
ture between 103Ru and 105Pd which are the Z544 and 46
isotones, respectively, and between 99Zr and 101Mo which
are Z540 and 42 isotones. We have undertaken investiga-
tions of the low-energy level properties of the N559 iso-
tones and have given a preliminary survey of our results
elsewhere @1# while details concerning the interacting boson-
fermion model can be found, for example, in Refs. @2,3#.
In general, heavy-ion reaction studies favor the population
of high-spin states which tend to be the aligned members of
particle-core multiplets @4,5#. For 105Pd recent studies have
focused on the high-spin states. The decay of 1/22 41.0-day
105Ag g is one of the few cases where low-spin levels in any
of the odd-mass Pd nuclei can be studied.
Data on the A5105 mass chain have been previously
compiled in Nuclear Data Sheets @6#. Previous decay studies
of 41.0-day 105Ag g have included detailed conversion elec-
tron studies @7,8#, two studies of angular correlations @9,10#,
and gamma-ray studies @8,11,12#. However, in spite of all540556-2813/96/54~6!/2935~13!/$10.00these studies, a large number of discrepancies still exist in-
cluding spin-parity assignments for several levels. In addi-
tion, previous studies have not been sensitive enough to ob-
serve low-intensity gamma rays which represent transitions
between known levels. By producing 41.0-day 105Ag g from
the decay of 105Cd @which was in turn produced via the
106Cd(n ,2n) reaction#, we have been able to observe 17 pre-
viously unobserved gamma rays, for 14 of which only con-
version electron data have been previously available. New
data have allowed us to establish new spin-parity assign-
ments for the 921 keV and 962 keV levels and to identify
two new levels in 105Pd. The decay of the 7/21, 7.23-min
105Agm isomer has been studied by Krien et al. @13# and
reviewed by Abukhov et al. @14#. By observing this decay in
transient equilibrium with 55.5-min 105Cd sources, we have
determined a new, more accurate value for the positron-to-
electron capture branch for 105Agm of 1.8~2!%.
II. EXPERIMENTAL PROCEDURE
The sources used in this study were produced by irradiat-
ing 50–100 mg samples enriched to 82.09% 106Cd as the
oxide with 14-MeV neutrons for the Lawrence Livermore
National Laboratory ~LLNL! insulated-core-transformer
~ICT! accelerator with a rotating target neutron source
~RTNS!. The RTNS produces 14-Mev neutrons with the
2H(3H,4He)n reaction and can attain a maximum flux of
;631012 n/sec into 4p .
Starting approximately 20 min after irradiation, direct
gamma-ray spectra were taken to observe the gamma rays
resulting from the decay of 7.23-min 105Agm in transient
equilibrium with its 105Cd parent. A large number of
detector-analyzer systems were used, including a Compton
suppression spectrometer. These systems and the counting
conditions are described elsewhere @15#. The intensities of2935 © 1996 The American Physical Society
2936 54R. A. MEYER, S. V. JACKSON, S. BRANT, AND V. PAARFIG. 1. Decay scheme for 105Agm.105Agm gamma rays relative to 105Cd were determined
solely from counts started at least 90 min after the end of
irradiation, at which time the condition of transient equilib-
rium was in effect.
Following the early measurements, two sources were al-
lowed to decay for ;20 days and then observed with two
different detector systems: ~i! a 50-cm3 Ge~Li! detector and
~ii! a 2.5-cm3 Ge ~Li! x-ray detector. Counting periods of
1200 and 5000 min were taken every 7 days for a period of
5 weeks. For the large detector, source-detector distances
were .10 cm to minimize gamma-ray summing effects. The
principle activity present in these sources was 41.0-day
105Ag g. The following contaminating activities were readily
identified and their well-documented gamma rays deleted
from the results: 8.41-day 106Agm, 44.6-day 115Inm, 453-day
109Cd, and 252-day 110Agm.
In both portions of this study, a gamma-ray photopeak
analysis was performed using the LLNL spectrum analysis
code GAMANAL @16#. The gamma-ray energies were obtained
by counting sources simultaneously with numerous multi-
gamma-ray source standards.
III. EXPERIMENTAL RESULTS
A. Decays of 7.23-min 105Agm and of 41.0-day 105Ag g
In observing the decay of mixed 105Cd and 105Agm, 274
gamma rays were identified as belonging to the decay of
105Cd. After correcting for the decay of 41.0-day 105Ag g we
could identify the gamma rays of 105Agm ~Fig. 1!. In ourprevious work on the decay of 105Cd we were able to deter-
mine that (85.361.8)% of all 105Cd decays populate the
25-keV isomer of 105Ag. Using the half-life values @6# of
55.5 min and 7.23 min for 105Cd and 105Agm, respectively,
and assuming transient equilibrium, we calculate that there
are 9.0460.11 319-keV gamma rays per 1000 decays of
105Agm ~cf. Krien et al. @13#, who report an absolute inten-
sity for the 319-keV gamma ray of 0.48!. Using our value,
we calculate the positron-to-capture branch of 7.23-min
105Agm as (1.860.8)%.
A total of 59 gamma rays were attributed to the decay of
41.0-day 105Ag g ~Fig. 2!. Three additional transitions for
which we do not observe gamma rays have been observed in
earlier conversion electron measurements @7,8#. However,
we are able to set limits on their occurrence in the spectra.
The multipolarities of transitions are displayed in Table I.
These were determined using our gamma-ray intensities, pre-
vious conversion electron intensities @7,8#, and theoretical
conversion electron coefficients @17#. The 187-keV transition
was observed only in the conversion electron measurements
of Suter et al. @7# and our gamma-ray intensity requires that
any such transition would have to possess a multipolarity of
M2, E3, or higher multipolarity. The 709-keV transition was
observed as a gamma ray, but with large uncertainty in our
measurements and its present assignment as a 105Ag g
gamma ray is doubtful.
We have eliminated 11 previously reported transitions:
178.34, 186.64, 285.9, 286.7, 350.5, 402.8, 580, 582, 636.6,
796, and 860 keV.
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up to 700 keV, ~b! levels above 700 keV.B. Levels of 105Pd observed in decays of 105Agm ,g
In Fig. 1 we present the composite decay scheme of
105Agm which is in accordance with the basic decay scheme
reported by Krien et al. @13# and by Abukhov et al. @14#.
However, we do place a previously unobserved 370-keVtransition as populating the known 3/21 level at 560 keV.
The logf t values were calculated using the half-life value of
7.23 min, the QEC value of 1366 keV @15,18#, our new value
of (1.860.2)% for the total ~positron1electron caputre!
branch, and the logf t tables of Gove and Martin @19#.
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105Ag g to levels of 105Pd. The levels observed in this decay,
along with their properties, are tabulated in Table II. The
absolute decay branch to the ground state of 105Pd was de-
termined from the positron measurements of Pierson and
Rengan @20# ~positron to 280-keV gamma-ray intensity ratio
of 2.731025) and the tables of Gove and Martin @19#. The
absolute electron capture ~EC! branch to each of the excited
states was determined via a detailed balance of the intensities
of the transition populating and depopulating the level, with
the conversion electron contribution of each transition calcu-
lated using the theoretical total conversion coefficient @17#
for the multipolarity assigned in Table I. The logf t values
TABLE I. Multipolarities assigned to transitions. Decay of 41.0-
day 105Ag g.
Assignment
From To Multipole a
319 280 M1
344 280 M1
650 560 M1
673 560 M1
644 489 E2
489 306 M2
644 442 E1 or M1
560 344 E2
921 650
280 g.s. M11(0 –12 %!E2
727 442 M1
962 673
306 g.s. M1
962 650 M1
319 g.s. M1
644 319 E1
673 344 M1
650 319 M1
344 g.s. E2
650 306
673 319
1088 727 E1
921 280
644 g.s. E1
1088 442 M2
650 g.s. M1(E2)
673 g.s. M1(E2)
962 280 M1(E2)
727 g.s. M1
1088 344 E1
1088 306
1088 280 E1
1125 280
921 g.s.
929 g.s. E2
962 g.s.
1088 g.s. E1
1125 g.s.
aBased on our gamma-ray data and the conversion electron intensi-
ties of Kawakami and Hisatake @8#.were calculated using the adopted half-life value of 41.0
days @6#, the QEC value of 134169 of Wapstra and Audi
@18#, and the tables of Gove and Martin @19#.
We have observed some previously unreported transitions
in the decay of 105Ag g and have placed these in the decay
scheme on the basis of energy sums. Two were placed be-
tween previously known levels, six established two new lev-
els, and the final two depopulating a level previously pro-
posed in the decay of 105Agm and via (p ,d) and (d ,t)
transfer reaction studies @21–23#. For each of these ten tran-
sitions a reasonable estimate of the upper limit for the K
conversion electron intensity was obtained by examining the
data of Kawakami and Hisatake @8# and resulted in setting
the transition multipolarity as either E1 or M1/E2. The
placement of each of these transitions was found to be con-
sistent with the deduced multipolarity.
The composite level scheme for 105Pd as observed in the
decays of the 105Agm and 105Ag g contains two new spin-
parity assignments in comparison to the level scheme pre-
sented in the last Nuclear Data Sheets ~NDS! compilation
@24#.
The 921-keV level. We place this level on the basis of four
newly observed transitions in decay of 105Ag g. The logf t
value of 9.12, the l52 angular distribution ~and lack of
l50 component! at 925 keV in reaction studies, and the
gamma-ray branching lead to a 3/21 assignment.
The 962-keV level. This level has a spin-parity value of
1/21 based on the observed l50 angular distribution in
(d ,p) transfer reaction studies @25#. We note that our mea-
surement of pure E2 multipolarity for the 962-keV level re-
solves the problem of two levels at around 962 keV expected
in Nuclear Data Sheets @26#. We thus establish only a single
1/21 level at this energy.
IV. CALCULATION FOR POSITIVE-PARITY LEVELS OF
105Pd IN THE INTERACTING BOSON-FERMION
MODEL
The even-even core nucleus 104Pd has been described in
the interacting boson model ~IBM! @27–29# and the odd-
even nucleus 105Pd in the interacting boson-fermion model
~IBFM! @30–34#. The core nucleus 104Pd has a closely
spaced triplet 02
1
,22
1
,41
1
. This triplet can be fitted in the U~5!
limit of the IBM as a nd52 multiplet; however, the pre-
dicted nd53 multiplet is in this case nearly degenerate,
while the experimental splitting of these states is more than
500 keV. Furthermore, if a d5/2 quasineutron is coupled to
such a core, a low-energy 9/21 level is predicted ~at 320
keV!, in contradiction to our experimental knowledge and
the overall agreement between calculation and experiment is
rather poor. Such a parametrization has been studied else-
where @35#. It turns out that the agreement with the experi-
ment cannot be improved as long as we use the U~5! boson
core without nd mixing in the wave function which has to be
used if we want to reproduce a closely spaced triplet
02
1
,22
1
,41
1
.
In this paper we investigate a different type of the boson
core: The core parameters are adjusted to reproduce the
group of levels 03 , 23 , 31 , 42, and 61. @This group of levels
resembles the nd53 quintuplet of the U~5! limit.# The IBM
parameters used in our calculation are h150.54 MeV,
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Level J % Population logf t logf 1t
0 5/21 2.9~3! 9.41
281 3/21 1.1~4! 8.84
306 7/21 ,0.001 .12
319 5/21 0.10~6! 10.43
345 1/21 66~1! 7.00
443 7/21 ,0.001 .12
489 11/22 ,0.004 .11
561 3/21 1.8~1! 9.34
645 7/22 ,0.09 .10
651 3/21 7.03~7! 7.65
673 1/21 2.80~4! 8.01
727 5/21 0.03~1! 10.0
921 3/21 0.08~1! 9.12
929 5/21 <0.0004 >11.3
963 1/21 1.76~3! 7.70
1088 3/22 17.6~2! 6.30
1125 1/2, 3/2 0.04~1! 8.84h2520.08 MeV, h350.09 MeV, h40520.1 MeV,
h42520.1 MeV, h4450.32 MeV, and N56. Here, the hi
parameters are defined as in Ref. @33#. The relation to the
standard IBM parameters from Ref. @29# is
h15ed2es1S 1A5 u22u0D ~N21 !, ~1!
h25
1
A2
v˜0 , ~2!
h35v˜2 , ~3!
h4L5A2L11S 12 cL2 1A5 u21 12 u0D . ~4!
The low-energy part of the IBM level spectrum of the
core is presented in Fig. 3 and compared to the levels of
104Pd which have been experimentally identified @26#.
It should be noted that for this parametrization the calcu-
lated 02 ,22 ,41 triplet has a splitting of 0.25 MeV, which is
much more than experimentally observed. On the other hand,
the IBM wave functions associated with this parametrization
exhibit sizable mixing of components with different number
of d bosons (nd). This is seen from the wave functions pre-
sented in Table III. The IBM wave functions are expressed in
s ,d-boson basis
uI&5Sndvjndv
I undvI&. ~5!
Here, undvI& denotes the IBM basis state with N2nd s
boson and nd d bosons coupled to the angular momentum
I . The seniority quantum number v is an additional quantum
number which serves to distinguish between different states
having the same values of nd and I .
We note that the nd mixing in the IBM wave functions
plays a much more important role in the structure of ensuingIBFM wave functions than the precise energies of the 02,
22, and 41 levels. Therefore, as will be seen, a rather good
agreement between theory and experiment can be obtained
for the states in 105Pd below 0.5 MeV.
The present IBM parametrization corresponds to a some-
what distorted U~5! boson system. Accordingly, the states of
the ground-state band 01,21,41 , . . . are dominated by com-
ponents undI&5u00&, u12&, u24&, . . . , respectively. However,
because of violation of U~5! symmetry, there are sizable ad-
mixtures, in particular the Dnd52 admixtures.
FIG. 3. Comparison of experimentally known levels of 104Pd
with the levels fitted by the IBM core.
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1
, 21
1
, 22
1
, and 41
1 states of the 104Pd boson core. Only components
with amplitudes larger than 1% are listed.
01
1 21
1 22
1 41
1
ndI a jndI ndI jndI jndI ndI jndI
00 0.83 12 0.82 0.35 24 0.83
20 20.52 22 20.28 0.85 34 20.36
30 20.11 32 20.46 44 20.40
40 0.16 42 0.14 20.39 54 0.13
52 0.11
aThe following notation is employed: ndI denotes the IBM boson state und v lowestI&, where nd stands for the
number of d bosons and v lowest for the lowest seniority associated with given values of nd and I . Otherwise,
we abreviate undv8I& by undI8&, where v8.v lowest .As a further test of present IBM parametrization for the
104Pd core nucleus, we have calculated the corresponding
g-decay pattern for the low-lying levels. The results are pre-
sented in Table IV, in comparison to the experimental data
for 104Pd.
In the IBFM calculation for the positive-parity states in
105Pd we include the neutron quasiparticle states d˜5/2 , g˜7/2 ,
s˜1/2 , and d˜3/2 where the energies ~relative to the d˜5/2 state!
are 0, 0.25, 0.35, and 0.6 MeV, respectively, and the corre-
sponding occupation probabilities are 0.85, 0.4, 0.1, and
0.05, respectively. The boson-fermion interaction strengths
are A0520.01 MeV, G050.11 MeV, L051.4 MeV, and
x52A7/2. These parameters are defined according to Ref.
@33#, coinciding with standard IBFM definitions for G0 ,
L0, and x from Ref. @30# and for A0 from Ref. @34#. The
radial integrals of r2 were calculated using harmonic oscil-
lator wave functions.
The calculated positive-parity spectrum is presented in
Fig. 4 and compared to the experimental data. In Table V the
main components in the wave functions of low-energy
positive-parity states are presented. The wave functions are
expressed in the standard IBFM basis:
TABLE IV. Calculated g-decay pattern for low-lying levels in
104Pd in comparison to data.
I of level Ig
From To Theor. a Theor. b Expt. c
22
1 01
1 26 213 86
21
1 100 100 100
41
1 0.0 0.0 -
02
1 0.0 0.0 -
03
1 21
1 100 100 100
22
1 67 1 9.4
23
1 01
1 213 32 10
21
1 100 100 100
41
1 583 4 -
02
1 1258 8 3
22
1 387 3 -
03
1 0.0 0.0 -
ax850 ~see Sec. IV!.
bx8520.2.
cRef. @26#.uJr&5S jndvIj jndvI
Jr u j˜,ndvI;J&. ~6!
Here uJr& denotes the rth state of angular momentum J ,
j labels the quasiparticle state, and ndvI the IBM boson
state. The angular momenta j and I are coupled to the total
boson-fermion angular momentum J .
Comparing IBFM wave functions of the low-lying states
in 105Pd ~Table V! and the IBM wave functions of the mem-
bers of ground-state band in 104Pd ~Table III!, it is seen that
the main structure of the calculated IBFM wave functions of
the levels in 105Pd can be approximately presented in the
form of quasiweak-coupling basis states as follows:
u5/211&'$d˜5/2u01&%5/2 , ~7!
u3/21
1&'$d˜5/2u21&%3/2 , ~8!
u7/21
1&'$g˜7/2u01&%7/2 , ~9!
u5/221&'$g˜7/2u21&%5/2 , ~10!
u1/21
1&'$s˜1/2u01&%1/2 , ~11!
u7/22
1&'$d˜5/2u21&%7/2 . ~12!
Here u01& and u21& denote the IBM wave functions of the
boson core, which are given in Table III.
For example, if we use the IBM wave function of the 01
state from Table III, we obtain the quasiweak-coupling state
$d˜5/2u01&%5/2 expressed in the fermion-boson basis of the
IBFM:
$d˜5/2u01&%5/250.83ud˜5/2 ,00;5/2&20.52ud˜5/2,20;5/2&
20.11ud˜5/2 ,30;5/2&10.16ud˜5/2 ,40;5/2& .
On the other hand, the corresponding components in the
IBFM wave function of 5/21 state from Table V read
u5/21&50.80ud˜5/2,00;5/2&20.45ud˜5/2 ,20;5/2&
20.10ud˜5/2 ,30;5/2&10.13ud˜5/2 ,40;5/2& .
These components amount to 87% of the total IBFM
wave function. Among the remaining components in the
IBFM wave function, the largest are 0.23ud˜5/2 ,
54 2941LEVELS OF 105Pd POPULATED IN THE DECAY OF . . .FIG. 4. Comparison of levels of 105Pd predicted by the IBFM calculation with the experimentally known levels up to 1200 keV.12;5/2&20.17 ud˜5/2 , 22;5/2& and 20.12ud˜5/2 , 32;5/2&. In the
quasiweak-coupling scheme these components are associated
with the admixture of $d˜5/2u21&%3/2 quasiweak-coupling com-
ponents.
A similar situation appears for the 3/21
1 state. In this case
85% of the total strength in the IBFM wave function corre-
sponds to components which can be associated with
$d5/2u21&%3/2 quasiweak-coupling state. Among the admixed
components the three largest ~amouting to 7% in total! con-
tain the g˜7/2 quasiparticle.
Inspecting the IBFM wave functions of the states 7/21
1
,
5/221 , 1/211 , and 7/221 in Table V, it is seen that 91%, 66%,
60%, and 90% of the total strength in the wave functions can
be associated with the weak-coupling classification ~9!, ~10!,
~11!, and ~12!, respectively.
A rather sensitive test of particular components in the
wave functions are the spectroscopic factors. Using the cal-
culated wave functions and the transfer parameter @36,37#
g050.2, we compute the spectroscopic factors
(2J11)Sd ,p . In Table VI we present the calculated spectro-
scopic factors for a few low-lying positive-parity levels. Itshould be noted that the only free parameter in the calcula-
tion of the spectroscopic factors is g050.2. Its value is close
to the value g050.23 used in the previous calculation for
57Co @36#.
The unique first-forbidden ~UFF! beta population of the
lowest 5/21 levels also support the model calculations. The
beta population by UFF transitions is governed by a single
matrix element. Hence, unlike allowed first-forbidden beta
decay which is governed by several matrix elements, UFF
reduced transition values ~logf 1t) are indicative of structural
changes. Since the parent ground state is s1/2 , we should
expect the allowed UFF transitions to occur to d5/2 associ-
ated levels ~UFF allows a J value change of 2 units! but
should expect highly hindered transitions to g7/2 related lev-
els. As shown in Fig. 5, the logf 1t value of 9.41 to the
5/21 gs is consistent with predominatly d5/2 core-coupled
character of this level and the factor of 10 increase in the
UFF hindrance to the 319-keV level with a logf 1t value of
10.43 is consistent with the prediction that this level has
mostly a g7/2 core-coupled nature. ~It should be noted that
the IBFM-PTQM boson-fermion interaction causes the g7/2-
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ments, the calculated mixing turns out to be rather small.! If
we use the ratio of ud˜5/2,00& components, we predict a UFF
ratio of 0.636/0.045 514, in close agreement with the ob-
served ratio of 10.5. Although the allowed first-forbidden
beta transitions cannot be used as a good indication of struc-
tural effects, the trend in the first-forbidden beta strength
does reflect the major character of the levels: i.e., the fastest
is to the level with predominately s1/2 character, the transi-
TABLE V. Wave functions of low-lying positive-parity states of
105Pd. Only components with amplitudes larger than 1% are listed.
Jr j nd I a j jndI
Jr
5/211 d5/2,00 0.80
d5/2,12 0.23
d5/2,20 20.45
d5/2,22 20.17
d5/2,32 20.12
d5/2,40 0.13
3/21
1 d5/2,12 0.78
d5/2,22 20.26
d5/2,32 20.40
d5/2,42 0.12
g7/2,12 20.20
g7/2,24 20.11
g7/2,32 0.12
s1/2,12 0.12
7/21
1 d5/2,12 0.17
g7/2,00 0.84
g7/2,20 20.44
g7/2,24 20.12
g7/2,40 0.12
5/221 d5/2,00 20.21
d5/2,12 0.36
d5/2,22 20.12
d5/2,24 0.11
d5/2,32 20.21
g7/2,12 0.70
g7/2,22 20.19
g7/2,32 20.37
s1/2,12 0.14
1/21
1 d5/2,12 0.37
d5/2,22 20.18
d5/2,32 20.17
s1/2,00 20.69
s1/2,20 0.35
d3/2,12 20.38
d3/2,32 0.19
7/22
1 d5/2,12 0.83
d5/2,22 20.17
d5/2,24 0.10
d5/2,32 20.43
g7/2,00 20.16
aExtending the notation from Table III, we denote the basis states
u j˜,nd v lowestI;J& by j˜ndI and the basis states u j˜,ndv8I;J& ~where
v8 denotes the seniority which is larger than v lowest for given values
of nd and I) by j˜ndI8.tions to the predominately d5/2 character levels are an order
of magnitude slower, and those to the predominately g7/2
character levels are another order of magnitude slower.
In Table VII we present the electric quadrupole and mag-
netic dipole moments, calculated by using IBFM wave func-
tions of 105Pd and the standard IBFM forms for E2 and
M1 operators. In this calculation the boson effective charge
evib51.25 and x520.9 are taken from the previous IBM
calculation @38# for 102Ru. Here, the effective charges end
gyromagnetic ratios are defined according to Ref. @33#. In the
calculation of E2 properties we have included an additional
term in the E2 operator which in IBM representation has the
form
evib
3
4p R0
2x8@~d1d1!2ss1s1s1~dd !2# ,
with x8520.4 @33,39#. For neutrons we use the standard
value for the effective charge esp50.5. The gyromagnetic
ratios gR50.6, gl520.1, and gs50.3gs
free have been taken
from the previous calculation @40# for the neighboring odd-
even nucleus 103Ru.
In Table VIII we present the calculated branching ratios
corresponding to the same parametrization as used for the
static moments. The calculated results are compared with the
present experimental data. The experimental decay pattern is
reasonably well reproduced. The calculated half-lives of the
low-energy states are presented in Table IX and compared to
the experimental data. The largest E2 reduced transition
probability among the low-energy states is associated with
the 7/22
1!5/211 transition. This is a consequence of the
structure of wave functions of the 5/21 and 7/22 states which
are dominated by ud˜5/2,00;5/2& and ud˜5/2,12;7/2& compo-
nents, respectively.
V. NEGATIVE-PARITY STATES AND THE OCCURRENCE
OF A 3/22 INTRUDER STATE
The character of the collective negative-parity spectrum
of 105Pd is obfuscated by the intrusion of an unexpected
3/22 level at 1088 keV. This level, if included as a h11/2
core-coupled state, has led to misleading results in earlier
calculations using a symmetric rotor picture @5#. We show
the gamma-deexcitation and beta-population properties of
this level in Fig. 5. Of particular importance is our identifi-
cation of a 646-keV gamma ray. When we use our gamma-
ray intensities in combination with the conversion electron
measurements of Kawakami and Hisatake @8#, we find a
M2 multipolarity for this transition. There is no level life-
TABLE VI. Calculated spectroscopic factors of four low-lying
positive-parity states in comparison with experimental data @24#.
~2J11) Sd ,p
J Theor. Expt.
3/21
1 0.07
5/211 0.97 1.24
5/221 0.10
7/21
1 4.21 5.22
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ties of the 1088-keV 3/22 level in
105Pd.time measurement for this level. However, if we use the
relative hindrances known for the M2 transition in this re-
gion as given by Andrejtscheff et al. @41#, we can estimate
the level lifetime and transition rates of deexciting transi-
tions. Such an estimate leads to the result that instead of
being collective, the 446-keV E2 transition to the 7/22 level
is at least 20 times slower than the E2 transition between the
644-keV 7/22 level and its associated 11/22 bandhead at 489keV. Also, the limit that we place on the intensity of a tran-
sition to the lowest-energy 7/21 level gives a hindrance fac-
tor that is at least 90 times slower than the M2 transition to
the second excited 7/21 level. This and the relative E1 tran-
sition strengths to the lower-energy level leads us to suggest
that the 1088-keV level has a p3/2-hole character. Such a
configuration would allow less retarded transitions to the
d5/2-related levels rather than to the g7/2-related levels. ThusTABLE VII. Calculated electric quadrupole and magnetic dipole moments of 105Pd in comparison with
experimental data @24#.
Q(eb! m (mN)
Level Theor. Expt. Theor. Expt.
5/211 10.59 10.66~11! 20.65 20.64
3/21
1 10.42 20.23 20.074~13!
7/21
1 20.13 10.12
5/221 20.30 10.34 10.95~20!
1/21
1 2 20.33
7/22
1 10.03 10.26
11/21
2 20.59 21.04
7/21
2 20.56 21.91 21.49~9!
15/212 21.03 10.14
9/212 10.15 21.21
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40 at least @41#! populates the 442-keV 7/21level which has
a predominately d5/2 character. We can only place a limit of
a hindrance factor ~HF! of >3.600 on any M2 transition to
the 306-keV 7/21 level which has predominately g7/2 char-
acter. Also, as shown in Fig. 5, the E1 transtions for the
deexcitation of the 1088-keV level also reflect the same be-
havior in that the less favored E1 transitions populate the
g7/2-associated levels while the more favored ~less hindered!
E1 transitions populate those levels with predominately
d5/2 and s1/2 character. Thus the deexcitation properties of
the 1088-keV level suggest some p3/2 character to the level.
Also, as shown in Fig. 6, other low-energy 3/22 levels are
known in the neighboring N561 isotones, and as shown by
comparison with Fig. 6, their excitation energy correlates
with the deformability of the core. However, no experimen-
tal transfer data for this state are available @24#.
TABLE VIII. Calculated E2 and M1 branching ratios in 105Pd
in comparison with experimental data. ~See Fig. 4 for association
between theoretical and experimental states.!
J of Level Ig
From To Expt. Theor.
3/21
1 5/211 100 100
7/21
1 3/21
1 0.0005
5/211 100 100
5/221 7/211 0.0002
3/21
1 0.12 0.7
5/211 100 100
1/21
1 5/221 0
3/21
1 27 93
5/211 100 100
7/22
1 5/221 2
7/21
1 0.0006
3/21
1 0.03
5/211 100 100
3/22
1 7/22
1 0.0005
1/21
1 2.4 1
5/221 2
7/21
1 0.005
3/21
1 0.4
5/211 100 100
3/23
1 3/22
1 0.8 0.4
7/22
1 0.08
TABLE IX. Calculated half-lives of low-lying levels in 105Pd in
comparison with experimental data.
J Expt. a Theor.
3/21
1 0.067 ns 0.03 ns
5/221 0.04 ns 0.1 ns
7/22
1 3.8 ps 7.7 ps
1/21
1 0.88 ns 0.22 ns
3/22
1 1.9 ps 6.3 ps
1/22
1 .2 ps 1.6 ps
aRef. @24#.In Fig. 4 we have shown a comparison of the negative-
parity level spectrum calculated in IBFM with those known
experimentally. Once we exclude the 1088-keV 3/22 level
from comparison with IBFM model, the agreement between
the calculated negative-parity states ~which contain h˜11/2
quasiparticle! and experimental data is rather good. In per-
forming the IBFM calculation we have used an h˜11/2 quasi-
particle with the occupation probability of 0.03. In order to
reproduce the known 7/21
2 state we have used the interaction
strength G0 of 1.2 MeV, while keeping all the other param-
eters the same as in the calculation for the positive-parity
states in 105Pd.
Another consequence of our identification of the 1088-
keV level as an intruder state, and not as a member of the
h11/2 core-coupled family of levels, is that it removes the
need to employ a symmetric rotor core as used by Popli and
co-workers @5#.
VI. STRUCTURAL CHANGES IN THE SEQUENCE
OF N559 ISOTONES AND CONCLUSIONS
As shown in Fig. 7, the systematics of the odd-mass
N559 isotones exhibits a sudden change in the low-energy
positive-parity structure between 103Ru and 105Pd. Else-
where @40#, we have accounted in the IBFM for the
positivite-parity states of 103Ru, which arise from recent
evaluation of existing and current neutron-capture gamma-
ray and beta-decay experiments @40#.
The rapid change of structure between 105Pd and 103Ru is
reflected, in particular, in the ground-state pattern. In 105Pd
the 5/211 ground state is rather widely separated from the
higher-lying group of levels, while in 103Ru there appears a
close-lying doublet 3/21
1
, 5/211 , with 3/211 being the ground
state. Such a lowering of the I5 j21 state associated with
the lowest-lying single-particle or quasiparticle configuration
of angular momentum j was referred to as the I5 j21
anomaly. It has been previously found that this effect ap-
pears for seniority three states with the onset of collectivity
@42,43#. Similarly, this effect arises in the IBFM due to the
exchange force @31#. However, the boson core for 103Ru ~i.e.,
FIG. 6. Experimentally known 3/22 levels in N561 isotones
compared with the 1088-keV 3/22 level in 105Pd.
54 2945LEVELS OF 105Pd POPULATED IN THE DECAY OF . . .FIG. 7. Systematics of the
experimentally known low-
energy levels of the odd-mass
N559 isotones.the 102Ru nucleus! is rather similar to the boson core for
105Pd ~i.e., the 104Pd nucleus!. In both cases the core exhibits
a perturbed U~5! character. Thus, the sudden change of pat-
tern going from 105Pd to 103Ru is not consistent with simi-
larity of the corresponding core nuclei. However, such a
change of pattern can be achieved in the IBFM as a conse-
quence of the change in boson-fermion interaction strengths.
The IBFM calculation for 103Ru @40# gives the wave func-
tions of the low-lying states which in its boson structure
differ sizably from those for 105Pd, although the IBM boson
core is similar in both cases. Namely, while the largest com-
ponents in the wave functions of low-lying states of 105Pd
contain zero or one d boson, for 103Ru the components are
rather scattered, the largest containing about five d bosons.
This means that in 103Ru the boson-fermion interaction has
generated an effective boson core which differs from the one
which corresponds to the IBM core parameters used as input
in the IBFM calculation. This means that the boson-fermion
interaction polarizes the core in the odd-even system, induc-
ing an effective deformation. Namely, we note that the IBM
wave function associated with U~3! limiting symmetry ex-
hibits a spreading of the wave function over components
with different numbers of d bosons, the largest amplitude
having about nd' 23N d bosons @32#, which is in our case 23
37'4. Concluding, in 103Ru the boson-fermion interaction
destroys the quasiweak-coupling pattern which appears for
105Pd, and polarizes the core; thus it generates a new pattern
which bears some characteristics of the pattern associated
with the U~3! boson core.
One might argue whether this change in the boson-
fermion interaction between 105Pd and 103Ru might be asso-
ciated with a change in the total strength of the proton-
neutron interaction between the 1g9/2 proton and 1g7/2
neutron spin-orbit partners. That is, in zeroth order, the
Z546, N559 isotone 105Pd has a more than half-filled
1g9/2 proton configuration ~six! while 103Ru has a less than
half-filled 1g9/2 proton configuration ~four!. We note that,
previously, a possible role of the spin-orbit partners in this
mass region has been pointed out by Federman and Pittel
@44#.FIG. 8. ~a! Conceptual structure of spherical ~left! and ‘‘de-
formed’’ ~right! structures, ~b! contour plot of four-particle four-
hole ~4p4h! excitation energies in the mass-100 region ~note the
negative energy at Z542 and N558, i.e. 100Mo!, and ~c! the 01
states that have been identified as the sperical ~proton f 7/2 ,p1/2 ,
neutron d5/2) and 4p4h ~proton g9/2 , neutron g7/2) structures in the
N558 isotones. Note the inversion of structures between 98Zr58
and 100Mo58 which are the core nuclei for 99Zr59 and 101Mo59 ,
respectively ~see text and Ref. @52# for details!.
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101Mo. The low-energy structure of this nucleus has become
experimentally clarified by using transfer studies of Habib
and co-workers @45#, in combination with the previous beta-
decay and neutron-capture gamma-ray studies @46#. Overall
the levels of 101Mo show a marked resemblence to the level
structure of 103Ru. Such should, on the surface, be expected
since the associated core nuclei exhibit a similar character,
i.e., between SU~5! and O~6!. The IBFM calculation @47#
which uses such a core has reproduced the observed levels.
Although a more detailed comparison must await a more
extensive knowledge of the deexciting transitions, the
present calculations do correctly predict the experimentally
known level lifetimes, spectroscopic factors, and deexcita-
tion patterns of the 14- and 57-keV levels. This has not been
possible in earlier attempts @1#.
As seen in Fig. 7, there is a sharp difference in the level
spectra for the Z.40, N559 isotones compared with the
Z<40, N559 isotones @48–54#. Although @53# the 1/211 and
3/21
1
, ground state ~g.s.! and first excited state, remain in
97Sr and 99Zr, there is a sharp change in the level spectra
compared with the Z.40 isotones. However, this is expected
as a consequence of dual double-subshell closure in the
96Zr and 98Zr pair and an extensive set of coexisting collec-
tive excitations ~nine levels! in 98Zr @52#. As shown in Fig.
8~a!, the mechanism involves promotion of 1g9/2 protons(p) and the mutual polarization of 1g7/2 neutrons (n) which
leads to the contour plot of 1g9/2-p , 1g7/2-n four-particle–
four-hole ~4p4h! excitations presented in Fig. 8~b!. ~For de-
tailed explanation see Ref. @52#.! Figure 8~c! shows the ex-
perimental verification that the predicted inversion of g.s.
character occurs between 98Zr and 100Mo ~see Ref. @52# for
details!. Thus, the distinct change in level spectra character
below 101Mo is consistent with the change in the core g.s.
character. However, a quantitative accounting must await
more precise information on the level characteristics of these
N559 isotones with Z,42. Also, some evidence that there
may be states built on the known 4p4h coexisting states in
96Sr and 98Zr is given @48,54# by the observation of nanon-
second isomers in both 97Sr and 99Zr.
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